Objective: The prevalence of chronic heart failure (CHF) in the elderly population is growing. Identification of risk factors in patients with CHF is important. Recent studies suggest that red cell distribution width (RDW) has prognostic significance in these patients. We aimed to evaluate the relationship of RDW with clinical and laboratory parameters in patients with young and elderly CHF patients. Methods: We evaluated patients with CHF with an ejection fraction (EF) of <50% in this observational cross-sectional study. Exclusion criteria were decompensated CHF, malignancy and end stage renal disease. Clinical information, functional capacity (FC), hemoglobin, RDW, EF, and pro-B type natriuretic peptide (proBNP) were recorded. The younger and elderly groups were compared and correlation of RDW with clinical and laboratory parameters were analyzed in each group. Ordinal regression analysis was performed to determine independent correlates of increased FC. Results: Seventy young and 47 elderly cases were enrolled. The groups were similar regarding EF, proBNP and FC. RDW showed stronger correlation with FC in the young group (r=0.627, p<0.001) compared to the elderly group (r=0.332, p=0.023). In the younger group, there was a negative correlation between RDW and EF (r=-0.278, p=0.021) and a positive correlation between RDW and proBNP (r=0.487, p<0.001). RDW (OR=16.36, 95% CI 0.33-0.96, p<0.001), EF [OR=7.75, 95% CI (-0.16)-(-0.03), p=0.005] and usage of RAS inhibitors (OR=6.7, 95% CI 0.57-3.36, p=0.007) were independent predictors of increased FC. Conclusion: We found a stronger correlation between RDW and EF, proBNP and FC in the younger patients compared the elderly group. RDW is a simple, inexpensive and easily accessible parameter that may be considered risk predictor especially in younger patients with CHF. (Anadolu Kardiyol Derg 2013; 13: 778-83) Key words: Heart failure, erythrocytes, risk assessment, stroke volume, natriuretic peptides, metabolic equivalent, regression analysis
Introduction
Among the global aging phenomenon, prevalence of CHF is increasing especially in the elderly (1, 2) . Despite advances in the treatment of CHF, it is associated with a high mortality rate (3, 4) . Functional capacity (FC) is an important parameter in the assessment of patients with CHF. While major determinant of FC is cardiac functions, especially elderly patients may have other causes of functional limitation like anemia, pulmonary diseases, depression, hypogonadism and sarcopenia. Determining factors associated with increased functional limitation is crucial to enhance life quality in these patients.
New markers for risk assessment in patients with CHF would enhance the treatment of these patients. Among these markers, B-type natriuretic peptides (BNP) are the most commonly used. Recent studies show that increased red cell distribution width (RDW) in patients with acute heart failure (HF) and CHF is an independent predictor of mortality (5) (6) (7) (8) . Like the natriuretic peptides, increased RDW has been shown to be an important marker for re-hospitalization and mortality in patients with CHF (5, 6) . Different studies suggest that, regardless of the anemia, increased RDW is associated with higher mortality rate in patients with CHF (5, 9) and in patients with coronary heart disease (CHD) (10) . Two separate population-based studies also showed that the association of RDW with mortality was independent from the presence of anemia (11, 12) . In patients with CHF, increased RDW seems to be associated with malnutrition, inflammation, renal insufficiency, and ineffective erythropoiesis (6) . Furthermore, increased RDW may be a finding of increased erythropoiesis related to neurohormonal activation (13) . However, the exact mechanisms underlying the association of increased RDW and adverse outcomes in patients with CHF are not completely explained.
We aimed to evaluate the association of RDW with clinical and laboratory parameters in young and elderly patients with CHF.
Methods

Study design
This study was an observational cross-sectional cohort study.
Study population
Patients with CHF who were seen in the Department of Cardiology, İstanbul Faculty of Medicine, İstanbul University between February 2010 and June 2010 were enrolled to this study. The term chronic heart failure (CHF) was used for patients who have had heart failure for at least 6 months. The diagnosis of CHF was done using clinical history, physical examination, chest X-ray, electrocardiography and echocardiography according to the current European Society of Cardiology guidelines (1). Diagnosis of CHF was confirmed by a senior cardiologist.
Patients with isolated diastolic HF [ejection fraction (EF) >50%], New York Heart Association (NYHA) functional classification class 4, acute exacerbation of HF, end-stage renal disease [ESRD, a glomerular filtration rate (GFR) below 15 mL/ min/1.73 m 2 ], hematological malignancies, and significant lung disease were excluded.
The study was approved by the ethics committee of İstanbul University, İstanbul School of Medicine. All patients provided written informed consent.
Study protocol
All patients' age, gender, height, weight, and comorbid diseases were recorded. The patients above the age of 65 years were classified as elderly. Body-mass index (BMI, kg/m 2 ) was determined and body surface area (BSA) was calculated using the Dubois formula (14) . Estimated glomerular filtration rate (eGFR) was calculated with modification of diet in renal disease (MDRD) formula (15) and was corrected for BSA. Complete blood count, cholesterol levels, C-reactive protein (CRP), creatinine values were measured. Blood counts were measured by an automated hematology analyzer (Coulter Gen-S, COULTER Corp, Miami USA). The outcome variable RDW was obtained from this automatized blood count analysis (normal reference values: 11-15%).
Amino-terminal pro-B-type natriuretic peptide (proBNP) values were measured (normal reference values: <125 pg/dL, Elecsys Roche Diagnostics, Mannheim, Germany). The proBNP levels were adjusted for eGFR and age according to following formula (16) :
Normalized proBNP (NBNP) = k x log (proBNP) x 1000/eGFR (k: 0.825 for age <50 years, 0.762 for age between 50-70 years and 0.636 for age >70 years) Echocardiography was performed using the Vivid 7 echocardiography device (General Electrics, Milwaukee, WI, USA) using a middle-range frequency (3-8 MHz) broadband transducer. EF was measured with area/length method according to the ASE guidelines (17) . The biochemical tests and echocardiography were performed within the same day.
Functional capacity
Varieties of approaches have been used to quantify the degree of functional limitation imposed by HF. The most widely used scale is the NYHA functional classification (18) . Classification of FC of the patients (the predictor variable in this study) was made on the basis of clinical evaluation according to NYHA classification (18 
Results
Clinical characteristics A total of 117 patients were enrolled, 70 patients were in the younger and 47 patients were in the elderly group. Gender ratio, smoking rate, comorbid disease frequencies (other than CHD), FC and BMI were similar in both groups ( Table 1) . Frequency of CHD and history of coronary by-pass surgery were higher in the elderly group. Both groups had similar EF, proBNP, hemoglobin, hematocrit, mean corpuscular volume (MCV), and mean platelet volume (MPV), RDW, hsCRP values and cholesterol levels ( Table 2 ). The elderly group had higher creatinine and NBNP levels and lower platelet counts and GFR values. The medical treatments were similar in both groups (Table 3) . Although significant anemia was not an exclusion criterion, only 3 patients in the younger group and 2 patients in the elderly group had hemoglobin levels between 8.6 and 10 g/dL, all other patients had hemoglobin levels above 10 g/dL. While ESRD was an exclusion criterion, only 1 patient in the younger group had a GFR level below 30 mL/min/1.73 m 2 (19 mL/min/1.73 m 2 ).
Relationship between RDW and clinical variables
In the younger group, RDW showed moderate and positive correlations with proBNP and FC, a weak and positive correlation with NBNP, moderate and inverse correlations with Hb and MCV, and weak and inverse correlations with BMI, EF, TG, HDL-C and LDL-C (Table 4 ). In the elderly group, RDW did not have a significant correlation with proBNP or EF. A statistically significant weak and positive correlation was found between RDW and creatinine and FC in the elderly group. The correlations between other important markers of heart failure are shown in Table 5 . While proBNP showed a moderate and inverse correlation with EF in the young group, this correlation was not seen in the elderly. NBNP showed a weak and inverse correlation with EF in the young group and there was no correlation between NBNP and EF in the elderly. While proBNP showed moderate and positive correlations with FC in both groups, NBNP had a weak and positive correlation with FC only in the elderly group. C-reactive protein showed a positive and weak correlation with proBNP in both groups and a positive and weak correlation with NBNP in the younger group. While EF showed a moderate and negative correlation with FC in the young group, it did not have a significant correlation with FC in the elderly.
Factors associated with increased FC
Ordinal regression analysis revealed that only RDW (OR=16.36, 95% CI 0.33-0.96, p<0.001), EF [OR=7.75, 95% CI (-0.16)-(-0.03), p=0.005] and usage of RAS inhibitors (OR=6.7, 95% CI 0.57-3.36, p=0.007) were independent correlates of increased FC (Table 6 ).
Discussion
In the present study, we observed that independent determinants of FC were RDW, EF and RAS blocker use. In addition, we Table 6 . Ordinal regression analysis for independent correlates of increased functional capacity also found strong correlations between RDW and EF, proBNP, and FC. FC is an important parameter, since lower FC translates into independence in daily activities and improved quality of life. Especially in the elderly population, frailty and sarcopenia currently draw significant attention and are important predictors of multiple adverse health outcomes including death (19) (20) (21) . Although cardiac functions are the primary determinants of FC in the CHF patients, especially elderly patients may have additional causes of functional limitation like anemia, depression, hypogonadism and sarcopenia, which are rather common in this population. Regarding anemia, only 3 patients in the younger group and 2 patients in the elderly group had hemoglobin levels below 10 g/dL. A recently published study which aimed to determine transfusion threshold in a large group of high-risk patients, suggested that a target hemoglobin level of >8 g/dL rather than >10 g/dL is safe (22) . Furthermore, hemoglobin was not an independent correlate of FC in our study. Thus, functional limitation due to significant anemia does not seem likely. However, we did not assess the presence of depression, hypogonadism or sarcopenia in our patients and we cannot rule out their contribution to functional limitation. Particularly, screening for depression in patients with CHF is important. Study of Bisschop et al. (23), suggested that cardiac disease and arthritis are the most common predisposing factors for medical illness related depression. RDW is a readily available parameter of complete blood count analysis. The term anisocytosis is used for increased RDW values and denotes increased diversity of red cell volume. Normal RDW values are between 11% and 14.5% (24, 25) . Iron, vitamin B12 and folic acid deficiency may cause increased RDW values. Other underlying factors of increased RDW values include hemolysis, malnutrition, inflammation, renal insufficiency and ineffective erythropoesis (6) . In patients with CHF, increased RDW might especially be associated with nutritional anemia, inflammation, renal insufficiency, ineffective erythropoesis and oxidative stress (26, 27) . In addition, neurohormonal activation seems to be associated with increased erythropoesis, thus increasing the RDW values (13) . In a recent study, a strong and independent association between RDW and inflammatory markers was demonstrated in a large cohort (28) . We found a significant correlation between RDW and important parameters of heart failure like FC and proBNP. The correlation between RDW and FC were stronger in younger compared to elderly cases. RDW was also correlated with EF in younger patients. In the elderly patients, RDW was correlated only with NBNP and FC. There was no correlation between CRP and RDW in our study. This suggests that the increase in RDW in these patients was not associated with inflammation. These findings suggest that increased RDW may be considered as a risk factor, especially in younger patients. Furthermore, since RDW is a readily available parameter, which is included in the routine blood count analysis, it does not cause additional cost.
Some recent studies indicate that NT-proBNP but not BNP is influenced from kidney insufficiency (29) . Some authors suggest utilization of NBNP levels instead of proBNP in patients with impaired renal functions, especially if the patient is old (16) . Although elderly patients were included in our study, proBNP showed stronger correlation with FC and EF compared to NBNP. However, end-stage renal disease was an exclusion criterion and our patients had below-normal but relatively preserved GFR levels (mean 79.6 and 68.6 mL/dk/1.73 m 2 in young and elderly groups, respectively).
Interestingly, EF was correlated with FC and proBNP in the younger group but not in the elderly group. However, proBNP and FC had moderate correlations in both the younger and the elderly groups. Although we did not assess diastolic functions in our study, we speculate that diastolic functions may have been worse in the elderly group, thus attenuating the clinical importance of the EF value. These findings suggest that, the clinical relevance of EF may be diminished and natriuretic peptides and RDW may be better clinical predictors in the elderly.
Interestingly, usage of RAS blockers but no other drugs was independently associated with a better FC. Although usage of RAS blockers may be associated with a better FC by preserving cardiac functions, cross-sectional design of our study does not allow us make conclusions in this subject. Moreover, there is data indicating that usage of RAS inhibitors may be associated with improvement in functional limitation even in patients without CHF (30) .
Study limitations
Limitations of our study include the small number of patients and the cross-sectional design. Exclusion of patients with class 4 functional classification further limits extrapolation of our results to this subgroup of CHF patients.
Conclusion
In our study, independent determinants of FC were RDW, EF and RAS blocker use. We also found strong correlations between RDW and EF, proBNP and FC. These correlations were more pronounced in the younger patients. RDW is an easily accessible parameter which does not require additional cost. We suggest utilization of RDW in the routine evaluation of CHF patients.
